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RESEARCH SUMMARY 


Relationships between tree measurements and biomass 
of singleleaf pinyon (Pinus monophylla) and Utah juniper 
(Juniperus osteosperma) were investigated on 109 trees 
on 19 study sites in Nevada and eastern California. The 
resulting equations and tables provide a means _ for 
estimating the total aboveground biomass as well as the 


weights for the various size fractions by species. The 
tables can also be used to estimate the cordwood and 
slash resulting in a typical fuelwood harvesting operation. 


The entire aboveground biomass was separated into four 
size classes and weighed in the field. Cross-sectional 
disks and samples of twigs, foliage, and deadwood were 
used to determine the moisture contents of the various size 
fractions. The relationships between tree measurements 
and ovendry weights of the various size fractions were 
evaluated utilizing stepwise multiple regression tech- 
niques. Of the 13 tree measurements evaluated, stem 
diameter and average crown diameter were the most highly 
correlated with the ovendry weights. 
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INTRODUCTION 


The pinyon-juniper (p-j) woodland forest of the western 
United States has a long history of use largely because of 
the scarcity of timber in this region. For centuries this 
woodland forest has provided people with nuts, fuelwood, 
fenceposts, and poles (Fogg 1966). However, after the turn 
of the century the importance of the p-j decreased 
markedly mainly because of the availability of fossil 
fuels, the decline in rural population, and the decrease in 
mining. Although much of the research during the last 
three decades was initiated to curtail or convert the p-j 
(Box and others 1966), recent interest has focused on the 
ecology, management, and potential use of this forest 
resource (Aldon and Loring 1977; Springfield 1976; 
Gifford and Busby 1975; Barger and Ffolliott 1972). Two 
extensive p-j bibliographies were compiled by West and 
others (1973) and by Aldon and Springfield (1973). 


The increased interest in p-j reveals the need for reliable 
mensurational data. Although volume tables exist, they are 
usually based on a small number of field measurements 
often from a local area. During the late 1930’s and early 
1940’s a number of workers developed volume tables based 
On various tree variables. Howell (1937) found that crown 
width and stump diameter best estimated volumes for one- 
seed juniper in Arizona. Stump diameter and maximum 
crown width were used to construct fuelwood volume 
tables for one-seed and Rocky Mountain junipers (Howell 
and Lexen 1939). Howell (1941) reported that differences 
in volume for trees of similar stump diameter and crown 
width were due to wide variations in tree form. Bradshaw 
and Reveal (1943) developed tree classifications for 
singleleaf pinyon and Utah juniper based on four maturity 
classes. However, they still found wide variation in form of 
trees in the same class. Blackburn (1967) developed six 
age classes for both pinyon and juniper based on growth 
ring counts, height, basal diameter, and outward 
appearances. Reveal (1944) prepared volume tables for 
singleleaf pinyon and Utah juniper based on diameter at 
breast height (d.b.h.), tree height, and average crown 
diameter measurements. 
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Growth measurements on Utah juniper in Arizona were 
made using tree height and stump diameter (Herman 1953). 
Using the same trees, Myers (1962) later found no relation 
between stump diameter and 20-year growth in height, 
diameter, and volume. 


Aerial volume tables for pinyon-juniper stands were 
developed using total height, average crown diameter, and 
percent crown cover of the stand (Moessner 1962). Mason 
and Hutchings (1967) estimated foliage yields of Utah 
juniper based on crown diameter measurements. Storey 
(1969) found that tree weights of singleleaf pinyon and 
Utah juniper were closely correlated with maximum crown 
diameter and average crown diameter. 


Although volume is the standard unit of measurement in 
forestry, it is not satisfactory for noncommercial woodland 
species such as pinyon and juniper, which lack a “mer- 
chantable bole.” In addition, various products have been 
utilized from tree components other than the bole. 
Biomass, or weight, as aunit of measurement appears more 
reasonable in estimating the total quantity of usable wood 
products available in the p-j woodland. Also, the 
feasibility of whole-tree harvesting indicates a need for the 


aboveground biomass data. 
In the southern United States, biomass tables have been 


developed for loblolly pine (Taras and Clark 1975), 
shortleaf pine (Clark and Taras 1976), and longleaf pine 
(Taras and Clark 1977). Crown biomass studies have been 
conducted on lodgepole pine (Gary 1976) and on 11 
species of Rocky Mountain conifers (Brown 1978). H.E. 
Young (1976a) summarizes work from 62 forest biomass 
studies. Numerous biomass studies are reported by the 
Working Party on the Mensuration of the Forest Biomass 
(IUFRO) in three volumes (Young 1976b, 1973, 1971). 
Storey (1969) conducted the only study of tree weights 
in the p-j woodland. Recently, a line-intersect method to 
inventory cordwood in the p-j woodland was reported 
(Meeuwig and others 1978). Clendenen (1979) developed 
volume tables for p-j on the Carson National Forest in 
northern New Mexico. 


The study reported here was initiated largely because of 
the lack of a sufficient unit of measurement for making 
decisions on the potential use of p-j woodland resources. 
Because of the growth habit of p-j and its various potential 
wood products, biomass was selected as the unit of 
measurement to be evaluated and determined in this study. 


Objectives of the study were to: 


1. Develop prediction equations that use measureable, 
independent tree variables to estimate aboveground 
biomass as related to resource potentials and quantity 
of fuel. 

2. Obtain data for analysis of growth relations and site 
quality of pinyon-juniper in Nevada. 


METHODS 


Study Locations 

Study locations were selected from stands that facilitated 
access and tied in with other studies in the p-j. Although 
a majority of the study sites were in western Nevada, an 
east-west transect of sites was established across the 
central portion of the state. Analysis showed no significant 
difference between the western sites and the east-west 
transect sites. Thus, the study locations appear to be 
fairly representative of typical p-j woodlands found in 
Nevada. The geographic distribution, specific locations, 
and physiographic features of the 19 study sites are in 
appendix A. 


Sample points were established at each study site. 
Points that showed evidence of recent fire, cutting, 
chaining, or other disturbance were avoided. Once a 
sample point was established at a site, the nearest tree of 
each species in each diameter class was sampled. The five 
diameter classes based on diameter at the root collar 
were: 


(1) <4 inches (<10 cm) 
(2) 4-8 inches (10-20 cm) 
(3) 8-12 inches (20-30 cm) 
(4) 12-16 inches (30-40 cm) 
(5) >16 inches (>40 cm). 


This selection method provides approximately equal 
coverage of all size classes in the stand. 


Field Techniques 

For each sample tree selected, various crown variables 
were estimated and recorded. Before felling, the lower 
branches and most of the larger upper branches were cut 
flush to the main stem and placed on weighing tarps by size 
classes. After felling, the entire above-stump portion of 
the tree including all previously cut branches were 
separated into four classes and weighed using a load 
cell attached to a boom extended from the rear of a pickup. 
The four size classes weighed separately were: 

(1) >3 inches (>7.6 cm) diameter outside bark (d.o.b.) 

(2) 1-3 inches (2.5-7.6 cm) d.o.b. 

(3) <1 inch (<2.5 cm) d.o.b. 

(4) deadwooda--all diameters. 


Although all deadwood was weighed together, occular 
estimates of the percent in each of the size fractions was 
recorded. All tree weights of the above size classes were 
recorded to the nearest 1 pound using a digital meter. 


The proportions of foliage, twigs less than 0.25 inches 
(0.64 cm) and branches 0.25 to 1 inch (0.64 to 2.5 cm) were 
determined by subsampling approximately 10 percent of 
<1 inch (<2.5 cm) size class fraction (fig. 1). Cross- 
sectional disks were taken along the main stem(s) at stump 
height, at 4-ft intervals, and at points where the d.o.b. 
measured 6 inches (15 cm), 3 inches (7.6 cm), and 1 inch 
(2.5 cm). Disks (2.5 cm and 7.6 cm) were also taken from 
randomly selected branches greater than 3 inches (7.6 cm) 
d.o.b. beyond the butt swell, usually about 5 cm from the 
cut end. These disks, along with samples of twigs, foliage, 
and deadwood, were weighed in the field using spring 
scales of varying capacities and sealed in plastic bags for 
laboratory analysis. 


Tree Measurements 

The growth form of p-j trees is such that some tree 
measurements, especially stem diameters, were quite 
difficult to obtain before the destructive sampling process 
began. Thus, the tree measurements listed below are in the 
order obtained during the sampling process and do not 
imply any relative rank of importance. 


Measurements before any limbing or felling: 


(1) Crown class (dominant, codominant, intermediate, 
or Suppressed) 

(2) Foliage class (dense, medium, or sparse) 

(3) Crown form (rounded, oblong, triangular, tapered, 
or irregular) 

(4) Crown projection (on ground) 


Before felling: 


(5) Number of stems (greater than 3 inches [7.6 cm] 
d.o.b.) 
-at root collar 
-at stump height 
-at breast height 
(6) Number of forks (greater than 3 inches [7.6 cm] 
d.o.b.) 
(7) Stem diameters (d.o.b.) 
-diameter at root collar (d.r.c.) 
-diameter at stump height (d.s.h.) (12 inches [30 cm}) 
-diameter at breast height (d.b.h.) 


After felling: 


) Total tree height (includes stump) 

) Maximum crown diameter (across the stump) 
0) Minimum crown diameter (across the stump) 
1) Tree age (at stump height). 


The individual tree measurements are tabulated by 
species in appendix B. 
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Figure 1.--The various size classes used for 
biomass determinations (Brown 1978). 


Laboratory Analysis 

The tree disks, along with the samples of twigs, foliage, 
and deadwood, were used to determine the moisture 
contents of the various size fractions. The disks were also 
used to determine the specific gravity of the wood. On all 
disks greater than 1 inch (2.5 cm), the bark was removed in 
the laboratory, dried, and weighed separately. The 
samples were ovendried to a constant weight at 95° C, and 
moisture contents were computed on a green-weight basis. 
Percentage of bark was determined by a dry-weight basis 
from the disks greater than 1 inch (2.5 cm). The moisture 
content values were utilized to convert the green weights 
of the size fractions determined in the field to ovendry 
weights. 

The specific gravity of the wood was determined from the 
green volume and the ovendry weights of the disks. 


RESULTS 


Total Tree Biomass 

The results include aboveground biomass measure- 
ments for 109 trees, 76 pinyon and 33 juniper. The 
individual tree weights are given in appendix C. The means 
of the tree variables and the average biomass are shown 
in table 1 by diameter classes. For a given diameter class, 
the pinyon were taller, had a greater crown spread, had less 
taper in the main stem(s), and weighed more than the 
juniper. The largest pinyon sampled had a green weight 
of 11,146 Ib (5 066 kg) and the largest juniper, 3,421 Ib 
(1 555 kg). 
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The proportions of the total biomass in the various size 
fractions are shown in table 2. The component proportions 
were also computed on a green-weight basis, but the per- 
centages in each size fraction differed only slightly (1 to 2 
percent) from the dry-weight basis calculations, and thus 
are not reported here. The proportion of total biomass in 
wood and bark greater than 3 inches (7.6 cm) is greater in 
pinyon than in juniper. In both species, the proportion of 
foliage decreases as tree size increases; also, juniper has 
greater proportion of foliage than pinyon (table 3). 
Although the proportion of deadwood increases as tree 
size increases, the proportion of wood and bark greater 
than 7.6 cm also increases. This indicates that these 
species, or at least the trees sampled in this study, do not 
reach an overmature or decadent stage as commonly 
reported for the two species. The largest and oldest 
pinyon sampled had over 70 percent of its total biomass In 
wood and bark greater than 7.6 cm. The diameter growth of 
this pinyon has been essentially constant for more than 
three centuries (Meeuwig and Budy 1979). The tendency of 
these species to increase in the proportion of tree weight 
in wood and bark greater than 7.6 cm may be a character- 
istic of woodland trees because studies on southern 
conifers indicate that the proportions of tree weight in 
wood or foliage remain relatively constant as tree size 
increases (Taras and Clark 1977; Clark and Taras 1976). 
The most important aspect regarding the distribution of 
biomass is the amount of slash, that is, all the biomass less 


than 7.6 cm. Conventional cordwood harvesting of these 
species leaves approximately 50 percent of the biomass 
of even the larger trees. If the resources are to be 
utilized to their fullest and not create greater management 
problems, the application of total tree harvesting appears 
advantageous. 


The equations and weight tables presented in this report 
are on an ovendry basis. The green weight of the total tree 


or the various size fractions can be estimated using the 
moisture contents given in table 4. Moisture content was 
calculated on a green-weight basis; thus, to obtain a green 
weight simply divide the ovendry weight by 1 minus the 
moisture content expressed as a decimal. 


Green weight = ___Ovendry weight _ 


1 - moisture content 


Table 1.--The tree variable means and the average biomass for each diameter class 


Tree variables (x) 


Diameter Sample 


Height d.r.c. d.s.h. d.b.h. Max Min Average Forks Age 


Average biomass 
Green Dry 


Crown 


Species class trees 
cm No. mM ------- CMa nn a inc sseos No. Vp secenes kg------- 
Pinyon <10 4 2.0 6.0 49 WZ V0 U2 0 56 4.3 2.3 
10-20 19 4.2 15.9 146 A 22 2.5 0 79 66.8 35.1 
20-30 17 6.1 247 23:5 190 44 3.6 4.0 2 97 247.1 135.5 
30-40 17 7.1 36.3 345 287 56 4.4 5.0 12) 126 583.0 333.4 
> 40 19 9.0 55:2) {53a 47-5) 8:0) 6s 7.2 35 164 1627.2 966.0 
Juniper 10-20 7 4.2 WE Wes} 13210) 2a 2.5 0) 91 52.9 28.4 
20-30 8 oul Ae) PHI) CNS} Sh SET 3.4 1 98 1S5el 73.4 
30-40 7 5.0 34.0 28.8 169 45 3.46 4.1 4 124 226.9 WZ} 
> 40 11 6.7 58.2 48.3 32.2 67 54 6.1 13 147 666.3 368.7 


Table 2.--The distribution of aboveground biomass (dry weight) in size fractions 


Diameter Sample Average Size fractions (cm) 
Species class trees biomass > 7.6 2.5 to 7.6 0.64 to 2.5 < 0.64 Foliage | Deadwood 
cm No. kg - ---------------------------- Percent- ---------------------------- 
Pinyon <10 4 2.3 0 23 26 16 29 5 
10-20 19 35.1 28 15 11 13 27 6 
20-30 17 135.5 34 18 10 12 19 7 
30-40 Ue 333.4 42 17 8 8 14 11 
> 40 19 966.0 52 13 6 6 11 12 
Juniper 10-20 U/ 28.4 24 15 11 8 40 2 
20-30 8 73.4 28 18 10 8 33 3 
30-40 7 121.3 23 23 12 6 30 6 
> 40 11 368.7 36 19 9 5 24 Ul 


Table 3.--The distribution of aboveground biomass (dry weight) in tree components 


Diameter Sample Average Tree component proportions 
Species class trees biomass Wood Bark Deadwood' __ Foliage 
cm No. kg ----------------- Percent------------------- 
Pinyon <10 4 23 47 18 5 29 
10-20 19 35.1 51 16 6 27 
20-30 17 135.5 57 17 1 19 
30-40 17 333.4 58 17 11 14 
>40 19 966.0 62 15 12 11 
Juniper 10-20 U/ 28.4 48 10 2 40 
20-30 8 73.4 53 11 3 33 
30-40 7 121.3 53 11 6 30 
>40 11 368.7 59 10 7 24 


‘Deadwood component not separated into wood and bark fractions. 


Table 4.--The average moisture content of the total tree and of the various size fractions 


Diameter Sample Total Size fractions (cm) 
__ Species __class trees tree > 7.6 2.5to 7.6 0.64 to 2.5 < 0.64 Foliage Deadwood 
cm No. ------------------------------ Percentigneen\welghtan on i ri 
Pinyon <10 4 45 -- 45 50 47 48 12 
10-20 19 47 44 47 52 51 50 12 
20-30 17 45 43 45 49 50 50 13 
30-40 Ud 43 44 42 47 50 50 13 
> 40 19 42 43 41 47 51 51 114 
Juniper 10-20 Ul 47 50 Sil 53 42 42 10 
20-30 8 46 48 48 49 43 43 12 
30-40 7 46 47 49 49 45 45 12 
> 40 11 45 49 49 49 43 43 12 


Regression Analysis 

The relationships between tree variables and ovendry 
weights were evaluated by screening all possible combina- 
tions of variables and weights using forward and reverse 
stepwise multiple regression techniques. Since all the 
relationships were nonlinear, logarithmic transformations 
(base e) were used throughout the analysis. The improve- 
ment in the standard error of the estimate and the 
sequential and partial F-test critera were used to select 
the number of tree variables to be included in the final 
prediction equations (Draper and Smith 1966). For most 
weight categories, the final equations have two tree 
variables. The addition of more variables did not signifi- 
cantly improve the prediction equations and also would not 
lend itself to the construction of weight tables. 


Although the use of logarithmic equations for predicting 
weights is acceptable, the bias encountered when the 
logarithmic estimates are converted back to original units 
has been questioned. Baskerville (1972) suggested the use 
of a correction factor for this downward bias. However, 
Magwick and Satoo (1975) pointed out that the bias using 
logarithmic equations is of minor importance compared 
with the variation among samples. Although Brown 
(1978) applied correction factors for the logarithmic trans- 
formation bias to most of his crown weight equations, he 
omitted the correction factor in some cases because it con- 
tributed more bias than it eliminated. In this study, the bias 
encountered was low and the use of a correction factor 
introduced greater bias. Thus, a correction factor was not 
applied to the logarithmic estimates. 


In order to express the precision of the predictive 
equations, coefficient of determination (R?), standard 
error of the estimate, percent mean error, and the percent 
bias are reported for each equation. For predictive 
purposes, most investigators presently use some measure 
of the actual deviation between the predicted and observed 
weights (Brown 1978; Faurot 1977; Whittaker and 


Woodwell 1968). The percent mean error is an indication 
of the average variation of the sample. Faurot (1977) 
states that expressing the deviation in percentage over- 
comes the inherent problem of heterogeneous variance. 
The percent mean error is analogous to the standard 
deviation of the regression and is also similar to the 
estimate of the relative error reported by Whittaker 
and Woodwell (1968). Percent mean error is obtained as 
follows (Faurot 1977): 


[if1() Maly, }100/Y,) */n-k- 1)" 


Percent bias is obtained as follows (Faurot 1977): 
1 ae 
00(2 Y, LY, /Z yi 


where 
Yj = observed value 
Yi = arithmetic estimated value 
n = number of observations 
k = number of independent variables. 
Equations 
The prediction equations for the various size fractions 


are presented in table 5 for pinyon and in table 6 for juniper. 
All equations are logarithmic (base e) and follow the model: 


LnW = f(LnH, LnDSH or LnDBH, LnC, LnDeLnC, LnS) 
where 


W = weight, kilograms 

H = height, meters 
DSH = diameter at stump height (30 cm), centimeters 
DBH = diameter at breast height, centimeters 

C = average crown diameter, meters 

S = number of stems at breast height. 


An interaction variable, LnDeLnC, was introduced in the 
regression analysis and proved to be beneficial to some of 
the prediction equations. For the pinyon equations, D is 
the DSH and for the juniper equations, D is the DBH. The 
advantage of using the interaction variable is that it in- 
creases the precision of the equations while still lending 
itself to the construction of weight tables using two 
independent variables. The equations listed in tables 5 and 
6 have the deadwood component included in the various 
size fractions. The deadwood component was weighed 
separately in the field because of its lower moisture 
content, and then its ovendry weight added to the 
appropriate size fraction. Although 76 pinyons were 
weighed, the four trees in the <10 cm diameter class were 
eventually deleted from the regression analysis. The pre- 
diction equations were much improved by deleting the four 
small saplings. Equations are being developed for seed- 
lings and saplings in the <10 cm diameter class, and will 
be reported elsewhere. 


Of the various tree measurements, the average crown 
diameter was the most significant variable for both 
species. Although the stem diameter measurements were 
also significant, the stump height diameter was more use- 
ful in the pinyon equations and the breast height diameter 
was more useful in the juniper equations. Height had no 
predictive value in the juniper equations, but it was 
significant in the pinyon equations for the total biomass 
and the biomass greater than 7.6 cm. 


Thus, in order to use the equations presented in this 
paper, three variables are required for pinyon: crown 


diameter, stump diameter, and tree height. Only two 
variables are required for juniper: crown diameter and 
d.b.h. However, for multiple stem junipers, it is advised to 
correct the greater than 7.6 cm biomass for the number of 
stems. For single stem junipers, no correction is needed. 


Weight Tables 

Equations from tables 5 and 6 were used to construct 
weight tables. Predicted ovendry weights of the greater 
than 7.6 cm (3 inch) and the less than 7.6 cm biomass are 
presented in tables 7-10 by stem diameter and average 
crown diameter or height classes. The predicted total 
aboveground weight for pinyon can be obtained by adding 
the weights in tables 7 and 8. For juniper, the total 
weight is presented in table 11. 


Note that the prediction equation for the juniper weight 
of the greater than 7.6 cm biomass contains a correction 
factor for the number of stems at d.b.h. This correction 
factor ranges from only 1-2 kg for most junipers with up to 
20 multiple stems, and thus is important mainly for the 
smaller trees. 


The tables and equations presented in this report were 
developed from trees sampled within Nevada and thus 
should be validated in new areas before using. Extra- 
polation beyond the data range or to species other than 
singleleaf pinyon and Utah juniper is not recommended 
without rescaling the variables to fit the population. Trees 
with similar bole and crown diameters may vary consider- 
ably in weight because of differences in crown size, crown 
form, and density of foliage. 


Table 5.--Prediction equations for estimating ovendry weight of the aboveground biomass of singleleaf pinyon trees greater than 


10 cm at the root collar (basis: 72 trees) 


Tree Standard error Percent mean Percent 

component Equation’ R2 of estimate error bias 
Total LnWe= -2.025 + 1.399 (LnDSH) + 0.671 (LnNH) + 0.922 (LnC) 0.987 0.156 15.9 4.0 
>2.5 cm = -4.280 + 1.762 (LnDSH) + 1.146 (LnH) + 0.653 (LnC) .988 173 17.0 5.3 
>7.6 cm = -6.024 + 2.159 (LnNDSH) + 1.663 (LnH) .988 .184 18.6 2.4 
<7.6cm = -3.203 + 1.761 (LnNDSH) + 3.280 (LnC) -0.554 (LnDSHeLnC) .973 .194 19.5 -1.0 
2.5 to 7.6 cm = -6.843 + 2.460 (LnNDSH) + 4.013 (LnC) - 0.742 (LnDSHeLnC) .959 .293 30.3 -2.4 
0.64 to25cm =-6.128 + 2.211 (LnDSH) + 3.685 (LnC) - 0.727 (LnDSHeLnC) .935 .312 34.5 -3.5 
< 0.64 cm = -4.078 + 1.556 (LNDSH) + 3.293 (LnC) - 0.571 (LnDSHeLnC) .918 .304 34.2 (259) 
Foliage = -2.434 + 1.082 (LnDSH) + 2.814 (LnC) - 0.378 (LnDSHeLnC) 912 .305 33.2 -2.4 

‘Where 


W= weight, kilograms 
DSH= diameter at stump height (30 cm), centimeters 
H= height, meters 
C= average crown diameter, meters 
Ln= natural logarithm, base e. 


Table 6.--Prediction equations for estimating ovendry weight of the aboveground biomass of Utah juniper trees greater than 10 
cm at the root collar (basis: 33 trees) 


Tree Standard error Percent meanPercent 
____ component | Equation' R2 of estimate error bias 
Total LnW= 0.296 + 0.845 (LnDBH) + 1.444 (LnC) 0.963 0.210 20.0 -0.6 
>2.5 cm = -1.232 + 1.113 (LNDBH) + 1.466 (LnC) .966 .232 23.8 -0.5 
>7.6 cm = -1.423 + 1.241 (LnNDBH) + 0.347 (LnDBHeLnC) - 0.274 (LnS) .968 .243 24.4 -0.2 
<7.6cm = -0.951 + 1.118 (LNDBH) + 2.703 (LNC) -0.394 (LnDBHeLnC) .950 .232 22.3 -1.6 
2.5 to 7.6 cm = -3.467 + 1.293 (LnNDBhH) + 3.693 (LNC) - 0.552 (LnDBHeLnC) .937 .314 34.7 -1.8 
0.64 to2.5cm =-3.182 + 1.185 (LnDBH) + 3.072 (LnC) - 0.451 (LnNDBHeLnC) .908 .348 42.5 -4.2 
< 0.64 cm = -3.388 + 1.251 (LnDBH) + 3.071 (LnC) - 0.553 (LnNDBHeLnC) 921 271 26.0 -3.4 
Foliage = 0.047 + 0.616 (LnNDBH) + 1.219 (LnC) 915 .261 26.9 1.0 
‘Where 


W= weight, kilograms 
DBH= diameter at breast height, centimeters 
C= average crown diameter, meters 
S= number of stems at d.b.h. 
Ln= natural logarithm, base e. 


Table 7.--Predicted ovendry weights (kg) for the greater than 3 inch (7.6 cm) biomass of singleaf pinyon 


Tree height (m) 


863 986 1115 22 
1041 1189 24 
1238 1414 +1599 26 
1452 1659 1877 28 
1686 1926 2178 30 


80 6125, | 79) OSTA 2OOMmNI43 mnlor7=) 1938 2213) 2504 32 
85 697 901 1125 1369 1631 1911 2208 2523 2853 34 
90 1020 1273 1548 1845 2162 2499 2854 3229 36 
95 1145 1431 1740 2074 2430 2808 3208 3629 38 
100 1280 1598 1944 2316 2714 3137 3583 4053 40 
105 1422 1776 2160 3016 3485 3981 4504 42 
110 1572 1963 2388 2846 3334 3854 4403 4980 44 
3 7 10 13 16 20 23 26 30 33 36 39 43 46 


Tree height (ft) 


LnW = -6.024 + 2.159 (LnDSH) + 1.663 (LnH) 


Standard error (SE) = 0.184 

Mean error (E) = 18.6 percent 
Average bias (B) = 2.4 percent 
R? = 0.998 


Table 8.--Predicted ovendry weights (kg) for the less than 3 inch (7.6 cm) biomass for singleaf pinyon 


Average crown diameter (m) 


D.s.h. 1 2 3 4 5 6 7 8 Qh 12 IsmDisth: 
Oli) 259993 9999098999 99999999999988s09 36565598005 IG 998 8 999999599999 995 95929 989259 S5S09555 Inches 
10 4 
15 8 
20 8 
25 10 
30 12 
35 14 
40 522 16 
45 549 18 
50 575 20 
55 599 22 
60 622 679 24 
65 644 700 26 
70 438 Te 3 
75 400 459 740 795 30 
80 420 479 537. 594 650, 705 «759 «= 812 32 
85 A440) 9500) = S57 m6 14 yennCCO mn 7/23ie mni(ifem629)) 134 
90 460 519 577 633 688 741 794 846 36 
95 A) EE) ES GSS ES 
100 499558) 6150 OOM 24 rai ChmC 2 CLONNA0 
105 5 Sig  C8h GS 478 891 42 
110 S85 C2 M3 m3 G0) “Cey Cos 4 

3 oO “1S 16 2 2B @ DD 86 @G © 


Average crown diameter (ft) 


LnW = -3.203 + 1.761 (LnNDSH) + 3.280 (LnC) - 0.554 (LnDSHeLnC) 
Standard error (SE) = 0.194 

Mean error (E) = 19.5 percent 

Average bias (B) -1.0 percent 

R2 0.973 


Table 9.--Predicted ovendry weights (kg) for the greater than 3 inch (7.6 cm) biomass for Utah juniper 


Average crown diameter (m) 


3 U/ 10 13 16 20 23 26 
Average crown diameter (ft) 


LnW = -1.423 + 1.241 (LnDBH) + 0.347 (LnDBH « LnC) - 0.274 (LnS)' 


Standard error (SE) = 0.243 
Mean error (E) = 24.4 percent 
Average bias (B) = -0.2 percent 
R? = 0.968 


‘For trees with multiple stems, multiply the weight by g 0.274 


11. D.b.h 
Inches 
2 
4 
6 
8 
10 
12 
383 14 
505 16 
645 18 
802 20 
33 36 


Table 10.--Predicted ovendry weights (kg) for the less than 3 inch (7.6 cm) biomass for Utah juniper 


Average crown diameter (m) 


10 11_‘D.b.h. 


PSPS S88 229959 290900 SR Sess o 00g oe Inches 

2 

4 

6 

8 

10 

400 12 

413 467 14 

424 478 16 

435 488 18 

294 497 20 

3 7 10 13 16 20 23 26 30 33 36 


Average crown diameter (ft) 


LnW = -0.951 + 1.118 (LnDBH) + 2.703 (LnC) - 0.394 (LnNDBH e LnC) 
Standard error (SE) = 0.232 

Mean error (E) = 22.3 percent 

Average bias =-1.6 percent 

R? = 0.950 


Table 11.--Predicted ovendry weights (kg) of total aboveground biomass for Utah juniper 


Average crown diameter (m) 


D.b.h 1 2 3 4 5 6 7 8 9 10 11 D.b.h. 
Oi) eeececoncrssssoessosspsaroresossssEds ICR BSS C85 S566 SoS aR SRC CEO IG GROoo Inches 
5 2 
10 4 
15 6 
20 8 
25 10 
30 662 12 
35 754 865 +14 
40 844 968 «216 
45 343 1070 +«+18 
50 487 609 1170 20 


3 Uf 10 13 16 20 23 26 30 33 36 
Average crown diameter (ft) 


LnW = 0.296 + 0.845 (LnDBH) + 1.444 (LnC) 


Standard error (SE) = 0.210 
Mean Error (E) = 20.0 percent 
Average bias (B) = -0.6 percent 
R? = 0.963 


CONCLUSIONS 


The results of this study indicate that the aboveground 
biomass of pinyon and juniper is closely correlated with 
average crown diameter for both species, and stem 
diameter at stump height for pinyon and diameter at breast 
height for juniper. These findings agree in part with those 
reported by Storey (1969). Although his study evaluated 
each tree variable separately, our analysis indicated that 
the precision of the estimates was improved by using 
multiple regression techniques. 
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OREGON 


APPENDIX A 


IDAHO 


Figure 2.--Geographic distribution of study plots. This map shows the pinyon-juniper 
woodlands in the Great Basin and pinpoints the location of 19 study sites. (Derived 
from ERTS-I photography, Beeson 1974.) 
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Table 12.--Plot location and physiographic features 


Mountain Location Plot Topographic 
Plot. Trees ss range T R Sec. Elevation aspect Slope position 
(ft) Percent 
1 1-4 Pine Nut 15N 22E itil 7250 S 9 Middle 1/3 of slope 
2 5-8 Pine Nut 15N 22E 2 7200 SW 12 Lower 1/3 of slope 
3 9-16 Pine Nut 13N 22E 34 6800 E 12 Lower 1/3 of slope 
4 17-20 Bald Mountain BSN 82Z5E= 334 7000 SW 8 Lower 1/3 of slope 
5 21-24 Wellington Hills 8N 24E 15 7200 E 2 Plateau 
6 25-28 Wellington Hills ON 2S Ear 2al 5900 N 18 Stream bottom 
7 29-36 Toiyabe 19N 44E 22 6850 E 15 Upper 1/3 of slope 
8 37-42 Toquima 16N 46E 20 7200 NE 7 Middle 1/3 of slope 
9 43-49 Shoshone I3N' <39E> = 23 7400 SE 5 Ridgetop 
10 50-56 Paradise IAN SiS) 7 83 7000 N 15 Lower 1/3 of slope 
11 57-63 Monitor 15N 49E 8 7700 N 22 Lower 1/3 of slope 
12 64-70 White Pine TZNG SoS E23 6900 NW 10 Lower 1/3 of slope 
13 71-78 Ruby 25N S6E 14 6800 SW 5 Ridgetop 
14 84-92 Sweetwater HN) 2 25E 293i 7550 SE 15 Plateau 
15 93-99 Sweetwater ANE *25E° 29 7200 E 5 Middle 1/3 of slope 
16 100-105 Sweetwater NE 25E> = 29 6900 NE 20 Lower 1/3 of slope 
17 106-107 Pine Nut 14N 22E 12 6300 SE 5 Lower 1/3 of slope 
18 108-111 Pine Nut OND 22 E 2 7100 S 5 Lower 1/3 of slope 
19 112-114 Pine Nut 15N 22E 20 6100 E 3 Plateau 
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APPENDIX B 


Table 13.--Pinyon tree measurements 


Diameter 
class 


(cm) 
<10 


10-20 


20-30 


30-40 


Tree Tree Diameter Crown diameter Forks Crown Stems 
no. _ht. RC SH BH Max Min Ave. no. Age Crown Foliage form RC-SH-BH 
(0) ea (CM) oa aia ia (Nl) (yr) 
85 2.1 8.0 6.0 2.7 1.4 1.2 PS 0 64 4 3 5 
87 2.4 6.0 5.5 3.2 1.6 1.0 1.3 0 48 4 3 5 
97 72 7.0 5.8 2.0 1.6 1.4 1B5) 0 57 4 3 5 
105 1.4 2.8 2.2 0.4 0.8 Oh} (0L7/ 0 56 4 1 5 
te 2S 13.5 12.7 AV} BE Ba Qh 0 60 3 5 5 
5 3.0 WAS 15.2 en 2.8 2.3 2.6 1 56 3 U 1 
9 3.8 11.4 10.2 i De IS wv 0) 63 3 3 4 
17 3.6 15.5 16.0 9.4 Postf 2.1 2.4 0 69 3 5 5 
Px) 0) his) 19.6 14.5 10.4 3.0 Poll 2.9 0 73 3 3 4 
PX 7.4 16.0 15.2 14.0 3.4 2.8 3.1 0 82 3 1 5 
32 5¥2 18.3 18.5 1510 a4 225 3.0 0 63 3 3 4 
41 48 18.8 16.3 12 88) ~ 2B EO 0) 53 3 7 3 
46 5.2 18.5 18.3 14.7 3.1 2.7 2.9 0 96 3 3 5 
51 6.1 18.8 15.2 VA 2.1 U8) 1.8 O 140 3 3 5 
60 4.1 16.3 16.0 122 Sil 2.6 2.9 0 90 3 3 4 
66 5.5 18.5 18.0 16 684) 16 25 v aA 3 3 5 
77 3643 15.2 14.5 OO) Br BA BG 0 88 4 3 5 
86 42 12.9 12.2 9.1 2.1 12) ZO 0 75 3 3 4 
93 4.2 522. 13.8 10.2 Pell st 2.2 0 60 3 5 5 
95 3.4 13.7 13.7 all 2.0 1.9 2.0 0 74 4 3 5 
OS Fe3t2 16.0 13.2 AG Bale ae wo 0 81 4 5 5 
100- 3:6 11.0 9.1 3.5 2.5 1.6 2.0 OF nS 4 1 5 
109 2.6 16.0 14.7 6.0 29 2.3 2.4 1 42 3 1 2 1-1-2 
2 5.9 24.1 23.4 20537 40h Sal 3.6 3 89 2 1 5 
fv 86 20.6 19.1 Cle) ey Dis} SET 2 58 3 7 5 
10 6.0 24.6 24.9 198 451 3.6 3.9 0 15 2 3 4 
18 4.0 23.6 22.1 W277 S43" GB Ske 0 85 3 5 5 
21 6.1 25.7 24.4 20.3 5:2 4.2 4.7 7 YO) 3 3 5 
PS 1c) 26.9 25.4 Palsy ZUG) aes} NYS} 0 Tal 2 3 4 
34 «65.8 21.6 21.8 16.3 45 4.0 4.3 QO 109 2 3 4 
39 5.0 22.9 18.8 14.2 4.7 SHC) - Gh} 4 56 3 9 8 
45 5.6 20.6 19.8 Uist <1) Shih 4.4 QO 105 3 3 5 
52 9.7 Moll 26.7 22.6 4.1 2.7 3.4 AB Weyl 2 1 5 
CQ 2 30.3 29.7 AC) BG Shi} 8} We WHE 1 5 4 
64 5.6 25.9 24.4 2018) 9 410 361 S28 3 149 2 5 3 
71 6.4 25.1 24.1 19.6 4.8 41 4.5 0 83 2 7 4 
84 6.2 23.5 22.3 18.7 Sh 45) 2.7 Sal Woe VA 3 3 5 
94 UcP 27.3 25.3 24.4 5x5 3.2 44 3 US 2 3 5 
101 7.8 21.0 19.0 16.7 3.1 2.2 Pasif 1 154 3 1 5 
jl OF eae? 28.4 29.0 23.8 4.2 AiO ner ae 9 78 2 5 1 1-1-10 
3) 5:6 36.8 36.3 Pa) el OS) Bi7/ 16 120 2 5 1 
8 46 39.1 32.0 1522 4.6 4.5 4.5 9 60 2 5 2 1-2-2 
U8) Sh) 35.1 31.5 2915) 44s 253) 353 Y We 2 1 5 
20 5.8 Sill Sleds ASC) .7/ 5.0 5.4 10 129 3 3 5 
225 G2 38.1 38.4 HO 8 689 G6 25 164 2 5 5 
360 8!5 34.5 34.0 30.0 6.2 4.6 5.4 16 «147 1 5 5 
38 8.4 39.9 36.3 30:0 (650 15:4) 6!0 18 W0S 2 3 1 
44 7.0 37.8 36.3 SY2(0) 8) 7/ 47 5.2 life 2 3 1 
53 9.5 38.4 37.1 SY6 78 GP Hf 17 +148 2 3 5 
63 en 35.8 36.3 31.8 5.4 45 49 Ve 2s 2 3 5 
67 69 37.6 36.3 33! 6S Our 4:4 al 10 185 1 1 5 1-1-2 
Ue 8.3 39.9 35.8 32.3 5:8) 439 5.3 15 128 1 5 5 
89 6.4 35.3 34.6 A) 4S Se Bo 6 109 2 3 5 
14 


Table 13.--con 


Diameter Tree Tree Diameter Crown diameter Forks Class Crown Stems 
class no. ht. RC SH BH Max Min Ave. no. Age Crown Foliage form RC-SH-BH 
(cm) (HO) Mig esata is hoa (Op sscecsessoeecae (Mm) (yr) 
90 79 34.0 SieS D6) A BG) Gy 4 78 2 5 4 
96 69 35.6 34.5 SARE Sa 15!Ome ore 15 79 2 U 4 
103. 9.2 35.0 31.0 PMO! i eho, Shea 3.3 2 146 3 1 5 
108 4.2 32.8 32.0 22.1 41 SMa Seo. 4 80 1 5 2 1-1-2 
40+ 4 82 43.7 40.6 3516) W619) 16'S 96:6 Uy abe 1 5 2 
6 52 42.9 43.4 30! 5 ime 5s Olio? 2 eto 18 80 1 5 1 
14 99 51.1 46.2 490) 84 T6ie O16 32) J165 1 5 1 
1 OI 50.5 48.5 YN) Tall HE SL! 29 158 1 3 5 
24 88 47.8 45.7 523 eeu 76 8.4 32 148 1 3 5 
26 «8.5 46.0 41.9 Clos) shi) ail, tsk 19 69 il 3 5 
29 9.8 44.2 45.8 Sir (Ho), Sy{0)" sys} 20 118 1 3 5 
37s 8.4 40.9 37.1 33: SrGr een 54) 5:8) 18 102 1 5 4 
43 8.4 54.6 52.1 41.9 9.1 WeDo 30 180 1 3 5 
56 14.0 70.9 68.3 Gills O'8 6:6) 6 8-2 41 189 1 3 5 
65 8.4 54.6 52.1 41.1 ell He. = 7! 41 242 1 3 5 
Ye x3 60.7 60.2 Aaa eno'8h (65a 166 41 189 1 4 5 
SSiaee5 41.6 39.9 33.1 5iGe 3 Olam AN/ 5s 128 1 3 1 
91 10.1 110.5 104.1 WIGS Wes Sale Aa 132 368 1 1 5 
92 10.4 80.8 72.4 SACwealiee) = 729i= 96 61 259 1 3 5 
99 9.6 58.4 59.2 5eoe OFS 6:6) 18:0 49 195 1 3 5 1-1-3 
102 10.2 44.3 40.5 BONO = 51832) c4'5 19 168 2 1 5 
104 9.8 56.0 59.0 ATEOW AOR 15255 16:2 36 158 1 3 5 
111 5.2 48.4 51.0 35.1 (SHO) Bis)" 9 SHG} 18 80 2 7 1 1-1-2 
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APPENDIX C 


Table 14.--Juniper tree measurements 


Diameter Tree Tree Diameter Crown diameter Forks Class Crown Stems 
class no. ht. RC SH BH Max Min _ Ave. no. Age Crown Foliage form  RC-SH-BH 
(cm) (i) sesessscag (Cin) Bee ai (iPeases= (yr) 
10-20 15 4.0 17.8 15.5 7.6 1.9 1.8 1.8 0 54 3 5 4 
35Onl 19.6 18.0 137 SO, B24) B82 1 120 3 1 5 
47 3.9 17.3 17.8 10.7 3.3 2.2 2.7 0 107 4 3 5 
50 48 14.5 12.4 8.1 3.4 2.2 2.8 0 88 3 3 5 
59 48 19.8 14.7 9.7 2.5 1.9 2.2 0 91 3 5 4 
68 Dsl 11.4 ble. 4.1 2u5 1.8 2.1 0 107 3 3 5 
72 3.4 20.1 V/s) ol 2.5 2s} 2.4 0) Wal 3 5 3 
20-30 11 6.4 27.9 23.9 ueks} — ZEI| 3.8 3.9 0 89 3 3 5 
16 48 21.8 18.3 130 22 19 20 0 59 3 5 4 1-2-2 
28 «5.6 20.8 20.6 22 87 86. 6 1 72 3 5 5 
304s 25.4 19.8 14.5 2.8 2.6 Pf 0 85 3 5 3 
42 43 20.6 19.8 122 40 88 3&7 0 92 3 5 5 
54 5.2 30.2 23.6 16.3 4.2 3.3 3.8 2 116 3 3 3 
58 16:2 27.4 22.6 WAS S43 2 3 2 120 3 1 5 
WAS) 452 SSS 29.7 10.2 5.0 3.8 4.4 3 149 3 3 5 
30-40 330) 6:0, 32.8 28.2 1GO él Se kr 2 122 3 5 3 
49 67 35.6 26.7 203 to Oh 3:8) 4:8 6 144 2 1 5 
61 4.6 31.0 22.6 V7) 4S sf} 7) ah 1 118 3 3 5 
70 3.6 32.0 31.0 12.2 41 3.2 Sh5i/ 0 195 3 5 1 1-1-4 
78 48 36.6 33.5 23.1 6.5 5.6 6.0 11 159 3 6 5 
112 By 37.5 27.0 W285 9 24a Sis} | Shfs} 69 2 5 2 -5 
Wis 4h 32.2 32.5 120 2.8 nl 2.4 4 64 3 3 5 -5-6 
40+ 12 9.4 60.2 45.7 Soul 6.4 46 5.5 10 115 1 3 5 
Slo O2 49.0 34.0 PRG al she) ALA 10 121 2 3 5 
40 6.2 42.9 33.0 24.4 7.4 Oni 6.6 6 88 1 i 1 1-2-2 
48 4.1 43.4 32.5 14.0 5.1 48 49 10 156 4 5 1 
55 6.6 48.8 37.1 28.4 514 4'6) 25:0 8 122 1 5 4 1-2-2 
57 7.0 96.5 66.8 50:5) O!2 8.6 9.4 28 301 1 3 5 1-2-2 
69 5.2 50.5 50.5 36.1 8.5 6.9 Tell 21 249 2 5 1 1-1-5 
76 5.9 50.5 48.8 40.9 7.9 HO) 7/{9) 11 187 1 3 1 1-1-6 
106 8.0 50.0 41.1 29.8 Swi) 4.0 48 9 79 1 5 1 
107 7.8 55.3 58.2 2G Cy 43 56 9 78 2 ih 1 1-1-5 
114 8) 92.5 83.3 42.8 6.4 6.0 6.2 19 120 1 3 5 1-11-16 
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Table 15.--Pinyon tree weights 


Diameter Tree Green Weight Dry Weight 
class no. >3 1-3 Vert <M F D Total >3 1-30 M1 <i F Total 
(OM) | BRR Eta SE SREB OM OCHO CORRS II> CSO OTe SR OO OSar aoe (I) 
<10 85 0.0 Woy. Vel > Wet 25 0.15 6.1 0.0 0.99 0.47 0.59 1.1 0.13 3.3 
87 0.0 1:8) 378) 283 1.5 07 5.0 0.0 95 38 .45 82 .06 Pool 
97 0.0 rom 96) 8-96 Wee) 21 5.5 0.0 82 .44 52 1.0 19 3.0 
105 0.0 OOS 3235" 208 glk) 02 {Sif O0— 0!0M) =20) 3/04 07 02 33 
10-20 1 5.0 Cis ES an ie 14.9 0.5 42.2 Puy eX CHS) hS) 7.2 0.4 20.2 
5 10.6 Oils 7.69 al'6:5 27.6 9 82.3 Sie melOlG SiON 729 13.2 8 42.1 
9 8.5 23%) 13:0) 14:9 9.6 se) 28.9 Ar4 7 ileal Ole 222 4.7 al! 14.2 
17 16.3 SiO OO O!8 20.2 1.8 59.9 Chile = Ge 2 GES) 10.2 1.6 32.1 
23 16.7 IESE 5:3) 186 17.0 1.8 60.7 SE) bis WAS G2 8.4 1.6 31.0 
27 45.8 OMe kO® 19:8 21.3 9 98.9 241 45 52 5.1 11.0 8 50.7 
32 40.1 18.2 146 18.4 40.0 a) 132.2 20/5" | 8:8) 5) 66's 78:6 18.6 8 63.9 
41 25.8 14.1. 23.2 20.8 45.4 1.4 130.6 14:00 7-1) AO!6' 19:9 21.6 1.4 64.4 
46 36.1 141 84 11.2 21.2 5.9 96.9 Atel) (8:3) 4i3 5:5) 10.3 5.5 54.9 
51 28.3 55 4:Ay 16:2 15.3 4.5 64.6 HB Se S: 2 2.4 StS 7.8 4.2 39.3 
60 19.7 Vales sh WOKS 23.5 5:9 84.1 We? HA heh eb 11.3 5:3 46.6 
66 39.2 15.4 15.9 6.6 16.9 4.5 98.6 PEN al Ue 0 7.6 4.1 51.6 
77 16.8 30 13.2) 1956 31.0 CAL 80.7 910) 338) 6) 97 15.4 2.5 42.0 
86 12.0 5.0 44 6.1 14.4 8 42.8 GiGi (240) 272) sid Coll it 23.0 
93 13:9 9:5) 3:51 16:5 Ue 3.2 43.8 725) = Sal 62:0) 3'3 3.7 2.9 24.3 
95 al 5.4 42 42 8.4 1.4 30.7 Auli eo ON 2:0) pre-e 4.5 1.2 17.0 
98 Well 59 43 43 8.7 3.2 34.1 4:7, 36 2:0)" 2:3 4.6 2.9 20.0 
100 2.4 Se es 4.1 1.4 14.8 ete 220 sho) 8 2.0 1.3 8.9 
109 5.0 63 86 44 17.4 8 42.6 Pl Se I Chil “Pal 8.2 all 20.6 
20-30 2 85.1 40.9 25.4 30.1 43.0 6.8 231.3 444 208 10.7 15.2 ZANGY 5.3 118.0 
7 16.7 S5I4n li 22:6 30.9 2.3 125.6 9.0 19.4 83 10.9 14.9 1.8 64.2 
10 78.7 27.2 23.3 30.8 58.0 22.2 240.2 42.4 13.3 10.2 15.9 30.0 18.0 129.9 
18 35.8 2le2) AGS <Si1:6 47.3 6.4 167.4 20.55 147 89 163 24.5 5.5 90.5 
21 91.7 62.3 17.4 34.4 55.2 15.4 276.4 Sie2 398 102 Sali7e8 28.5 13.1 166.7 
25 134.1 72.1 34.5 44.4 73.8 11.3 369.9 72.4 38.1 23.3 21.3 35.7 10.4 201.3 
34 56.2 33:1) 22:9) 24°0 46.5 5.4 188.2 29:6) Ate aOlO}) aA, O 21.4 5.0 94.7 
39 36.3 50.0 37.5 41.5 66.1 2.3 233.7 18.3 254 165 20.9 33.3 2.0 116.4 
45 56.0 28.6 21.1 249 38.7 10.0 179.4 eis eds VO Ave 18.0 9.4 100.8 
52 155.1 2471) oxi 15:3 29.0 52.2 290.8 96.5 141 83 7.3 13.9 43.6 183.7 
62 137.1 94.8 428 50.6 88.0 21.3 434.7 76.6 54.7 24.1 24.4 42.4 18.7 240.9 
64 71.4 C2 C2 20S) 41.1 1) 210.7 39:7 19.0 125 13.6 20.2 14.6 119.5 
71 92.3 60.8 41.1 45.9 73.2 5.4 318.7 50.6 33.7 20.3 23.1 36.9 5.0 169.5 
84 74.7 PY N20) 5 AN) 16.5 Coll 150.5 40:5.) hizoy 46:0), 19:3 9.4 6.0 82.4 
94 113.2 59.0 27.0 39.9 66.5 7 ON 314.6 58.6 33:7 14.0 20:7 34.6 8.2 169.8 
101 69.5 USO) asks) 0) 12.8 9.6 127.2 443 90 68 3.5 6.4 8.6 78.5 
110 67.1 74.9 45.7 49.0 94.5 9.5 340.6 46.0 35.5 19.8 23.0 44.4 7.9 176.6 
30-40 3 224.8 172.2 49.0 643 93.1 42.6 646.0 122.6 100.0 25.7 32.0 46.3 35.9 362.4 
8 77.4 100.4 49.0 54.4 89.8 10.9 381.6 40.6 549 224 289 47.8 9.1 203.8 
13 258.5 29.6 206 16.6 43.1 78.9 447.3 155380 18% ONS 2Br1 21.1 65.9 280.4 
20 USet/ 64.6 32.2 36.1 80.9 29.5 401.0 97.6 41.2 18.4 17.0 38.1 25.2 237.4 
22 347.3 138.7 56.8 56.3 94.6 89.8 783.5 200.2 846 316 28.4 47.8 75.2 467.8 
36 293.3 110.3 81.6 54.7 108.7 47.2 695.7 170.7 67.9 47.5 25.5 50.7 40.7 403.1 
38 347.0 175.9 97.5 48.5 156.1 55.3 880.3 195.3 104.3 53.0 23.9 76.9 48.2 501.7 
44 272.0 150.5 55.9 83.3 119.8 47.2 728.7 163.4 946 33.6 39.5 56.7 41.8 429.6 
53 471.3 162.1 55.3 70.6 97.2 95.2 951.8 272.9 983 320 34.2 47.1 79.0 563.6 
63 256.5 84.5 43.3 45.6 84.3 31.3 545.5 1Sieie AGG) 21k 72i°9 40.4 28.7 296.9 
67 247.5 83'5) alm 47-6 79.5 70.3 600.0 141.9 48.2 35.5 22.1 36.9 62.1 346.9 
73 339.0 90.4 426 69.0 96.9 35.4 673.4 180.0 50.3 203 33.8 47.5 31.3 363.3 
89 177.9 64.5 42.3 32.5 47.7 25.4 390.2 96.1 38.7 23.6 18.1 26.6 21.6 224.7 
90 199.5 59.9 45.9 428 80.9 15.4 4445 102.8 32.6 24.1 226 42.7 13.6 238.3 
96 277.8 1Sit6) 169!8\ 5/75) 148.5 35.8 721.1 149.5 72.0 366 30.4 78.5 32.3 399.4 
103 190.1 18.6 140 17.2 29.6 37.2 306.7 Nes IOS A Ge 15.1 34.0 191.9 
108 85.1 62.6 37.9 44.7 75.2 Cet! 313.3 ADS ye Sileommll(sOnareale 4 36.0 7.0 156.0 
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Table 15.--con 


Diameter Tree Green Weight Dry Weight 
class no. >3 1-39 1 <% F D Total >3 1-3) “1 <% F D Total 
(CM) wr nn nn nn nn wo en 2 22 22 2 2-2 = ------------- (QR 29 2209999 3 SSS 25 555559 5SSS5Ses25= 
40+ 4 471.9 260.7 96.1 153.6 192.5 49.0 1223.8 205.8 144.4 447 72.2 90.5 41.0 598.7 
6 221.8 163.1 50.7 93.9 202.0 24.9 756.4 117.3 89.6 242 288 61.9 21.1 343.0 
14. 1128.1 178.2 73.8 78.9 210.1 268.5 1937.7 641.1 115.7 40.2 38.9 103.6 224.4 1163.9 
19 782.7 200.0 70.1 96.4 256.2 105.2 1510.7 460.7 121.0 386 466 123.7 92.8 883.3 
24 884.9 247.7 102.2 99.0 179.4 87.1 1600.2 475.9 143.9 53.9 50.4 91.4 75.5 891.1 
26 440.7 232.6 114.2 118.7 207.1 24.9 1138.2 236.5 131.6 59.6 61.2 106.9 23.0 618.8 
29 653.2 146.3 62.2 93.4 140.1 101.2 1196.4 363.7 80.4 31.2 46.7 70.0 98.1 690.3 
37 346.5 103.8 93.7 91.7 159.8 73.0 868.5 200.0 65.2 55.0 46.2 80.6 63.2 510.1 
43 852.0 WE TAS WAS 223.6 165.6 1666.9 492.1 105.0 79.8 51.7 102.7 150.1 981.4 
56 1685.9 227.9 117.6 130.5 177.4 314.3 2653.6 1086.2 139.7 63.9 68.0 92.4 295.2 1745.4 
65 622.1 187.5 101.9 75.9 125.1 80.3 1192.8 371.2 100.8 50.0 36.6 60.3 72.4 691.3 
75 1092.3 231.1 159.6 117.8 226.0 92.1 1918.9 595.7 121.2 80.5 585 i223 80.5 1048.8 
88 366.2 73.2 31.8 44.7 78.2 46.3 640.4 197.6 45.1 17.4 243 42.5 40.5 367.3 
91 3725.4 365.0 126.3 137.1 260.0 452.7 5066.5 2220.0 243.6 78.3 72.0 136.4 386.9 3137.2 
92 1560.0 236.5 132.3 123.7 277.0 236.8 2566.2 994.7 146.2 756 62.6 140.2 216.7 1636.1 
99 1152.2 152.1 70.1 63.8 235.3 234.1 1907.6 719.6 92.1 38.8 32:2 119.0 210.5 1212.4 
102 484.1 73.6 46.0 24.8 57.6 91.2 777.2 305.7 43.5 247 12.3 28.6 80.8 495.6 
104 932.4 ASS On Oulmnvited 145.8 158.3 1522.2 571.0 85.0 40.9 38.5 72.8 138.5 946.6 
111 306.9 142.0 68.0 77.5 149.3 29.5 773.2 USE les) Sh SEG 68.7 26.9 392.5 
Table 16.--Juniper tree weights 
Diameter Tree Green Weight Dry Weight 
class no. >3 1-3) “1 <% F D Total >3 1-3) M1 <% F D Total 
(C00) (qe) SSS SaaS aan Sain SO SRS Soa seas seosesSsens5en 
10-20 15 11.9 316) 16169 9255 12.3 0.0 37.0 Sl 1s 6 BB! 7.0 0.0 18.0 
35 31.3 2273) Oil 5:9 28.1 3.6 100.3 15:2) 10'9) 4:55 3:6 liven 3.2 54.5 
47 17.1 10.0 67 4.0 27.4 1.4 66.6 Eye) ZLe)y Se} D8} 16.0 1.2 36.7 
50 9.8 5SIQMESlOn 9398 15.4 9 43.8 49 29 40 2.2 8.9 8 23.7 
59 12.6 Tale 4 Bie 29 14.5 9 43.4 Ux) SS) 28 WG 8.0 8 23.8 
68 3.8 Ais SP 16 10.2 0.0 22.0 U8) 2s) 9 9 5.8 0.0 11.7 
72 12.2 AMES) SiS 74:3 21.4 0.0 57.5 Si) Gy Zh AG 12.7 0.0 30.6 
20-30 11 60.2 33h) (6572 16:6 54.3 3.6 174.5 Sa] ies} SS)! 30.8 3.2 98.4 
16 24.7 Geb Sal SS 20.8 0.0 63.0 Ui SE Sh) 12.4 0.0 33.7 
28 33.6 39:9) a6 rseeali2:5; 43.3 4 146.1 1OsSmS:On LO aee4 25.6 8) 75.5 
30 21.3 15.9 13.0 5.9 25.6 9 82.6 1251 5816.) 63) 3'4 14.6 8 45.8 
42 28.2 26.8 22.5 9.4 48.4 4 135.7 13°45 a1 2!6 O06 5:3 27.4 4 69.8 
54 46.1 AD 2 203i liteO, 68.9 6.8 195.4 2) 2A) OPQ  o5 34.6 6.0 101.3 
58 54.0 18.2 104 65 39.3 3.6 132.0 POO). Oa 44 3G 21.5 3.3 71.1 
74 38.7 31.8 20.4 91.1 45.7 5.4 151.3 D2 WA Wilks 88 27.5 5.1 91.4 
30-40 33 81.6 60.4 23.3 13.7 60.9 6.4 246.3 39545 29'5) Mls a725 33.6 5.0 126.8 
49 113.6 74.5 25.6 12.6 118.7 Ue 362.7 56'8 3/261 229 eZ. 67.9 15.0 197.5 
61 54.3 30.0 15.4 8.0 45.1 10.4 163.2 SiGnnl|G:9) 18:6 14!5 25.0 9.0 95.6 
70 16.0 31.4 16.7 6.4 27.3 45 102.3 5; Wie} Br 4! 14.4 41 57.2 
78 115.4 90.9 68.5 21.5 94.6 10.0 400.8 60.6 43.4 33.6 12.5 55.2 9.0 214.4 
112 42.5 66.7 33.7 10.0 74.2 2.7 229.9 igi SOO WO 22 38.7 2.4 112.3 
113 8.7 Wer Wi3- “Ge 34.5 3.2 82.8 4°'9) 915 6:2) =3!6 18.4 3.0 45.5 
40+ 12 267.0 118.1 38.2 20.4 114.7 15.0 573.4 131.8 61.6 20.1 12.0 67.5 eS 304.5 
31 133.0 80.0 46.1 15.6 100.2 25.4 400.4 70.6 43.1 250 89 56.8 23.0 227.4 
40 131.9 125.4 61.5 38.6 129.0 8.1 494.5 60.0 58.0 286 226 75.4 6.4 251.0 
48 81.3 ON S25 ie) 125.3 31.8 409.8 39.3 49.7 27.3 10.3 73.2 26.0 225.9 
55 164.4 96.3 55.8 20.1 123.2 9.1 468.9 79:10 49:1 27.3 11.5 70.8 8.2 245.9 
57 860.1 167.1 71.5 39.5 273.2 143.3 1554.7 523.5 99.2 40.3 21.0 145.5 126.8 956.3 
69 294.4 Weve Cehlar SNS) 132.7 63.0 720.4 ISH ore 32-2 18:6 78.5 57.0 435.8 
76 342.5 120.8 68.9 27.9 166.4 37.2 763.6 186.2 65.5 37.0 16.2 96.7 34.7 436.2 
106 227.8 109.8 49.2 11.7 113.3 Ui 519.5 102 S22 2 Biv 64.8 teil 254.7 
107 223.9 123.9 92.0 26.0 136.0 Teil 609.5 108.4 549 41.5 15.0 78.6 7.0 305.5 
114 315.7 174.4 75.9 32.5 195.1 21.3 814.9 154.3 82.9 36.2 17.1 102.4 19.2 412.0 
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Biomass determinations in singleleaf pinyon (Pinus monophylia) - Utah juniper 
(Juniperus osteosperma) stands in Nevada indicate that stem diameter and average 
crown diameter are the tree measurements most highly correlated with ovendry 
weights. The equations and tables developed provide a means for estimating the 
total aboveground biomass as well as the weights for the various size fractions by 
species. The tables can also be used to estimate the cordwood and slash resulting from 


fuelwood harvesting operations. 


KEYWORDS: biomass, weight, Utah juniper (Juniperus osteosperma) singleleaf 
pinyon (Pinus monophylia), prediction equations, weight tables 
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The Intermountain Station, headquartered in Ogden, 
Utah, is one of eight regional experiment stations charged 
with providing scientific knowledge to help resource 
managers meet human needs and protect forest and range 
ecosystems. 

The Intermountain Station includes the States of 
Montana, Idaho, Utah, Nevada, and western Wyoming. 
About 231 million acres, or 85 percent, of the land area in the 
Station territory are classified as forest and rangeland. These 
lands include grasslands, deserts, shrublands, alpine areas, 
and well-stocked forests. They supply fiber for forest in- 
dustries; minerals for energy and industrial development; and 
water for domestic and industrial consumption. They also 
provide recreation opportunities for millions of visitors each 
year. 

Field programs and research work units of the Station 
are maintained in: 


Boise, Idaho 


Bozeman, Montana (in cooperation with Montana 
State University) 


Logan, Utah (in cooperation with Utah State 
University) 


Missoula, Montana (in cooperation with the 
University of Montana) 


Moscow, Idaho (in cooperation with the Univer- 
sity of Idaho) 


Provo, Utah (in cooperation with Brigham Young 
University) 


Reno, Nevada (in cooperation with the University 
of Nevada) 


